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PREFACE

.
/

-/ III-November 1973, the National Aerpnautics and Space Administration
'NSA) asked the National Acadew;cf Engineering* to conduct a summer study

. -. of futdre applications of space sytems, with particcular epphasis on _practical
approaches, taking into con9ideration socioeconomic benefitst NASA asked tilat

' : the study also consider how these applications would iinsfluence or be influenced
. by the Space Shuttle System, the principal space tranipoltation system of the

100's. In.December 1973, the Academy agreed t perform the study and assigned . ...-,

'the tasf:to the Space Applications Board .(SAB).*
.

.

. - . In the summers of 1967 and 1968, the National Academy or SciAis had I
convened a grodp of eminent scientists and engineers to ietermine what research
'and det:r.elOpment vies necessary to permit the exploitatiomrof useful applications

,

. "of earth-oriented satellites. The SAB concluded that since the NAS study,
operational weather and communications satellites and the successful-first
year of use of the experimental Earth Resources Technology Satellite haddemon-
,strated conclusively a technglogical'capability that could form a foundation

d... e :,, for expanding the useful applications of space-derived intotMation and 'serIcices,
and that it wat,now,necessary to obtain, from a broad cross-section of potential
users, new ideas and needs that might guide the development of future space

... systems-for practical application? r
After discUssionsewith FASA,and other interested federal agencies, it

vasjagreed that 'a major-aim of the "summer study" should be to involve) and
to attempt to understand the heeds of, resource managers .and other decision:

.
, makers'who had'as yet only considered space systems as experimental tither. -. '.

. ...

than as useful elements of major day-to-day operational idformationand seivice
systems. Under'the general direction of the SAB, then, a represqntative group.
of users and potential users conducted an-intensive two-week study to define
user needs that might be met by itfermation.or services derived from earth-
orbiting satellites. This work was done in July 1974 atSnowmats, Colorado.

For. the study, nine user-oriented panels were formed, comprised of present
or potential public and private users, including businessmen, state and local'

NP government officials, resource managers, and othey decision-makers, A number

40.

*Effective July 1, 1974, the National Academy of Scienc e's and the National

Academy of Engineering reorganizedthe National Research Council into eight ..

assemblies and commissions. All National Academy -of Engineering program units,
including the SAB, became the Asserkbly of Engineering.

iii
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ofIg'cientists and technologists also participated; functioning essentially
as expert consultants. The assignment made to the panels included reviewing
progress,in space applicatiolg since the NAS study of 1968*'and defining user
need potentially capable of being met by space-system applications. User
specialists, drawn-from federal, staterand local governments and from business
and industry, were impaneled in the following fields:

Panel l: Weather and Climate
Panel' 2: Uses of Communications

,...PaR1 3: 'Land Use Planning
. Panel Agriculture, Forest, and Range

Pinel 5; Inland Water Resources.
_Panel' 6: Extractable Resources ,

.Panel 7: ..Erivizonmental Quality
Panel 8: Marine and Maritime Uses
Panel, 94 Materials Processing in. Space

' In addition, /go study the. socioeconomic b enefits, the influence of tech-
nology, and the interface with space transportation systems; the following
panels (termed interactive panels) were convened:

Pane1.10: Institutional Arrangements
Pane1.11: Costs and Benefits

_Panel 12: Space Transportation
Panel 13: Information Services and Information Processing
Panel 14:: Technology

As a basis for their deliberatiOns,.the latter groups used needs expressed
by the user panels. A substantial amount of interaction with the user panels
was designed into the study plan and was found to be both desirable and neces-
sary.

The major part of the study was accompl&led by the panels. The function
of the SAB was to review the work of the panels, to evaluate thei4r findings,
and to derive from their work an integrated set of major conclusions ancrrecom-

-mendations. The Board's finaings,which include certain. significant recommen-
.

dations from the panel reports, as well as more general ones arrived at by
- considering the work of the study as a whole, are contained in a report pre-
pared by zhe Board.** . .% .

It should be emphasiled that the stud' was, not designed.to m ake detailed
assessments of all of the factors which should be considered in establishing
priorities. In s e:_cases, for example, options other than space systems for
accomplishing the,: objectives may need to be assessed; requirements for

. I

- .. e

V
*National Research Council. ;,'set u1 Applications of Eareth-Oriented Satellites,

Report of the Central Review Committee. National. Academy of Sciences,
Washington, D.C., 1969.

**Space Applications Board, National Research Council. PraOtical Applications
of Space Systems. National Academy ef'Sciences, Washington, D.C., 1975.'
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institutional or organizational support 'may need to be appraised.; multiple
uses of systems may need to be evaluated to achieve the most efficient and
economic returns. In some cases, analyses of%osts and benefits will be needed.

',In this connection, specific cost-benefit studies were not conducted as a part
of the two-week study. RecorP.mendations for certainsuch analyses, however,
appear in e Board's report,:together with recommendations designed to provide
an improved aSis upon which to.make cost-benefit-assessments.

I tun, the study rlas Sesigned to provide -an opportunity for knowledgeable
and experienced,users, expert in their, fields, to express thei4 needs for
inforinatiOn or services which might (or might /not) -be met by space systems,
and to relate tithe 'present and potential capabUities of space systems to their
needs. The Study did not atternkt`to examine in detail the scientific, ..techni=
-cal, or economic bases for the needs expressed by the tigers.

The SAB was impressed bythe quality ofthe panels' work and has asked
that thishir reports be made available as supporting doeuinents for the Board's
repo?t. While tft Board is in general accord th the 'panel reports, it. noes
not necessarily endorse tbet in every detail.'

la

The conclusions and recommendations of this panel report should be con-
sidered within.the context *of the report q5repa.red by the .Apace, Applicatibns
Board. The views presented in the panel report:.represent the general'consensus
of the pang.l. Some individual 'members of the panel 'ay not aeree.with' every
conclusion or recommendation contained in the reort :('
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I NTRODUCTI ON

. jl

,
The National Atronatitics, and Space Act of 1958 (P.L. 85,568) established,as natipnalipolicy, that aeronautical and space activities of the United States"Vmuld bedevOted to peaceful ,purposes4for the benefit of all mankind." TheNafional Aeronautics. and Space AdministrStkon (NASA) was charged with -responsi-bility' to: ` '

411

I

"(1) plan, direct', And conduct aeronautical and space activities;-..
. ,

u (2) . arrange for participation by the scientific community in plan-
ning scientific measurements and obseryations to be.made throughuse of aeronautical and space vehicles,. and. conducc.ir. arrange/ .for the conduct of -such measurements and observations;.

"(3) provide for the widest practicable and appropriate .disseminationof informatioyconcerning its-activities and the results thereof.",
The &ogress 'made in fulfilling ihesebcharges serves as dramatic exampleof What can be achieved in 'a carefully planned; well-managed, and ,technicall* .sound national effort TelyingWthe_ capabilities , of *all Sectors of the nation.LeSs than a decade and a' half after 'passage of the act initiating the U.S. space-program, an entirely. new te °logical capability 2f14 bee,d-develop411.and demon- -strated. It provided an imporfar extension to 'bur, ground, air, an& sea ,capabil-ities for a Wide range of uses that benefit' mankilid. Indeed, operational satel-

.

lites-haVe already signifisantly changed technological approaches in the fields..
k weather and commtmicatilons and have hid beneficial influences thr,oughout thet world. -Space systems that survey earth resources are' .seilviryexperimental uses,clearly demonstrating the capabiIityjf providing large amo is of.infdrmatillon.about a -Vicib variety of dynalgio) characteristics' of the earth. .i,

. The_U.S. and' the rest Of the, world; however, have only scratched the sur- .'' face of potential useful. applications of (pace technology. The United Stateghasinot yet cbratitte'd itself' to a prograit designed to. aSsure the widest practi-''---, cabre-iisetul anIieatioribf 1117 c hew capability "....t&vot-e& to peaceful purposes0 for the benefit of all nankIna."

t
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The Panel on Institutioral Arrangements bedieVes that space systems cap abil-
ities are.now at the stage where an effort to apply those capabilities is
warranted. Aphieving'full return on U.S.'space investments will iequire a
deliberate program to apply space systems (1) as .a supplement to existing ground,
sea, and air systems, (2) as a more effective alternative to present methods,
and (3) as a means of providing previously nonexistent capabilities. The Panel'
recognizes that such an effort will require continuing federal investment in '

technological research, development, and demonstration activities. The Panel
believes that federal funding will be required -- and should be provided -- for
many user - oriented institutional and infrastructure developmental activities

that will constitutea.major part of this new phase of the national space program.
In this ph ethe Panel believes it is ce to encourage funding as well
at in-kind support from stateand gpvernme s and from private organiza-
tions that in many'cases will be 44imptementers inNappiying spaoe technology.

In defining institutional arrangements to assure the *widest practicable
application of space systems, the Panel has cqnsidered a number of factors.

IAmong. them are- the following:

.
401 .

groups,Many .federal, state, and local government.agencies,private groups,
.and.internalkonal organizations are involved inactivitieS that can
-behefit from space systems.

_,-.
,

, .
,

. . There are very few fields in which the-potential user
.

community
(users within federal, state, and local government and agencies in .

... the private sector) Is suffi'ciently well aggregated to assure that
user .nterCsts ana.needs can be adequately represented by a single

,. .

group.. Generally, it ls difficult for interested federal.dgencies or

we even.Bureaus withinwZagency to agree that any one of them can speak
4,.', for the needs.otall. Nonfederal users also are not generally prepared

to accept one mepber as,representative of all.
4

5
1

. ,%The ability of users tounderstand the sisnifica44f space systems' .

. .

1 and SpaCederived data. aid to apply them. in their operations varies
%widely. Somd individuals dorganiztations interested and teChnically

. 'competent consider as drationdi their use of'infoimation'or set-Vices, .

_ 'provided by space 4 ms that actually are experimental and develop- ,

mental: At, the Other extreme there are large numbers;of potential
user's who. have never co idersd whether or 'not .space systems can -be '

( ofelp in their activities,.and in 4ct have no islea what is avail-'
able. Perhaps the greatest probllem'is to provide, to an organization
that has attai.ged a positiori-of technical leadership using long-standing

and well-developed techniques,,a baks uppn, Ojai to objectively evllu-
ate the possible benefits or-Switching,to new techniques based on .

....

Race system.

Users generally: are reluctant to discard their oxisting-systens and
iethol6 and even to try using new systeNs bailed on spacecraft unless
they are reasonably assured that there will'ffe continuity in the data

or services provided by the satellites. The usefulness of the infor-
4

'

oration

r

or'services which spacecraft provide can be most accurately

.

2
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assured by ,encouraging -the itWolvement of potential users. The result-
ing feedback Should assist. in jtidging the potential benefits from use
of the space system. This is the normal market evaluation process used
by industrial organizations. '

From the experience already gained in using the prodActs of the first .

earth resources technology satellite, and with the capabilities that
the space shuttle and its space laboratory will provid, it seems clear
that each spicecraft or each manned flight mission .can serve many dif-
ferent users. For such multiple-use spacecraft or missions, however,
there do not exist adequate institutional arrangements for establish-,
ing payload priorities, guaranteeing users an input to spacecraft and
mission definition,.and 'coordinating user requirements.' Integration of
the requirements of multiple users'andrevolution of realistic mission
plans for space systems will be sufficiently complex and costly to make
it essential to have an effective and disciplined mechanism for feedback
and' negotiation on mission characteristits, cost;, optimum arrangements .

of sensors, scheduling, etc.
0

As should be expected, especially in view or tight federal budggt con-
straints and torrent economic problems, the Office of Management and
Budget (OMB) is skeptical of efforts to establish any operational space
system capability. until hard assessment hag been made of potential
benefits in relation to costs. The OMB tries to assure that options
for program and budget determination are not foreclosed by implied or
explicit operationarcommitments.

Data from the Department of Defense (DOD) space missions are not gener-
ally available for use by civilian federal, state, and local governmental
agencies, and by commercial and other private users.

To date, charges to users Of space-derived data have coyered only direct
costs, 441- example, the costs of pictures ortapes. However, when pr9-
grams paceed from the experimental to the operational:stages, it may be
appropriate to increase user charges to cover costs of increasing I

capability to provide data and to conduct special missions for particular
sers. It must be noted, however, that pricing policy could have

sign$ficant impacts beyondthe simple raising of revenue. Pricing policy
could be used to shape the transition from research and development to
operational use's. FoJ example, a price which just recovers out -of-
pocket reproduction costs during the research and development stage
could encourage transitional use while a higher price in the operational .

stage could help recover system costs.

rn addition to the.above factors, the Panel also tbok into consideration
,numerous established practices and existing agreements, as well as relevant

organizational experiences. Nevertheless, the Pariel recognizes that:its analy-
sis is not a complete one. Time did not permit the Panel to deal with certain
specific and detailed issues that arise from the work of various other Panels.

For example, there are clearly institUtional barriers tdirect broadcasting
from satellites to individual homes in dispersed and sparsely populated areas,

.3
1..
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as suggested 6x the Panel on Uses of Commun ications for.certaip publics kvices;
to international banking systems based on use of satellites to relay dat ;.as
also considered by the Communications Panel; and to some of tke activities
envisioned by the Panel on MaterialgProcessing in Space.* Substantially more

.study 4s needed. ofsuch.issues. More analysis is also needed to define
institutional requirements adequate to permit practical applications of space
systems to achieve fully their potential. *

1

3

1
.

4

*See also Practice-7, Applications of Space Systems, S .,orting Paper 2: Uses:of

Can7.14nicatitns, and Suvorting Pdpr: Materia:s Processing in Space. Reports

of the Panels on Uses or Commnications and Materials Processing in Space 4to6the

Space AppLications Board, National Research Council. National Academy of Sc ences,
.

Washington, D.C., 1975. ,
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PHAStS IN THE EVOLUTION OF SPACE SYSTEMS
USES OR APPLICATIONS

-In the months immediately following the launch of the first man-made earth
satellite, the concern of the nation was with developing a capability to dd things
in space, and the National Aeronautics and Space Act of 1958 accordingly placed
major emphakistbn research.and development associated witte-the.exploration of
space. SpacMctivities now rage from research Aid development to operational .

systems, so that a broader view of the scope of the national space program is
required. In its deliberatl.ons, the Panel, on Insti4utional Arran&ements identified
three distinct phases in the evolbtion of space systemsieach requiring different,
institutional arrangements._ The phases are (l) research and development,.
(2) transitional, and (3) operational. '

'4

RESEARCH AND DEVELOPMENT PHASE

The R&D phase is that phase in whiCh the 'required technology is acquired.,
system characteristics are, determined, experimental systems are developed end,
launched; and the systems and technological capabilities are tested and evaluated.
Typically,, n this phase scientific Principal Investigators (PI) spggest.tech-
niques to be tested for their capability to,aid in carrying qut a, particular dis-
ciplinarx.research interpt. The PI -- an experimenter -- is, in fact;:the "user" bf
the'space system.in this ph4se, and the scientific community is encouraged by _NASA .-
to participate in'the PI process. At this stage, NASA has typically viewed as
,additional "users"' other federal agencies Which have programs closely related to
the capabilities of the experimental space system: for exaRle, the National Oceania
and Atmospheric Administration (NOAA) for weather, the Department of Agriculture
(USDA) for agricultural researcb4 and the Departmerit of theInterior (USBI) for
mineral resources; range management, and forestry. It should be noted that the
R&D phase is not always clearly defined, since users frequently consider the
eamly space systems to be prokriding operational infbtmation and capabilities in
terms of their particular needs, when actually they are still regarded by the
the developers as experimental.

;

TRANSITIONAL PHASE

Nearing the end of the R&D phase, user classes may begin to be\recognized.
G and it may be possible to postulate or even define missions. An important
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constraint to further progress is that the capabilities of the technology and
the requirements of the potential users are not yet well matched. The user
market is neither fully identified nor developed. There is then, what the Panel
defines as a transitional phase.

During the transitional phase, the'emphasis shifts from experiments in
technology to experiments in putting tlie.capabilities of the space system to
prgctical use. Demonstration projects, which, give potential users -an opportunity
to try the new capabilities, are implemented but users do not.have to abandon
conventional techniques and commit to dependence on the space system. Potential
users must test and evaluate the application of space systems to their particular
needs. .Equipment and operating procedures advance out of thd experimental stage,
toward the "off-the-shelf" status needed for the operational phase, and the
management and institutional arrangemensiaake such a transition as well. The
market -- the potential users and the mftnner in which they will use the new
capability -- becomes better defined. In ,this phass,preliminary benefits from
demonstratio projects can' be ase4Fed to provide.a basisfor operational invest-

Nrmerit decisio is.

.

,
...; .

OPERATIONAL PHASE
r . v :

.. ...4 ,

l Toward the end of the transitional pliase, it has been demonstrated that the
technology is reliable, key potential.usexS have been identified; and capabil-

r - .! ..

ities of the technology have been matched ,with user needs. The nature of
institutional interactions should have become apparedt,'ind in some cases, the
number add activitiks of .potential users should have.become clear. The system
is ready to ester into practical use., If Lt is to do so, however, an appro- '4

ipriate institut onal framework is essential:: Questions -- such, as whcg is)
p responsible, who pays, who has'accets to xlie service or the informatOn which

the system wiWprovide--- must be answered. The operational phase may require)
.-- particUlarly'in the case of the Space Shuttle -- that users who have unique
:requirerients justify, their own payloads and pay certain costs. For an operational

earth resources system, where needs for many'users must be integrated into pack-
ages, institutional arrangements wil,1 require'lrioritization of user requirements.

-:. .
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some institutional arrangement Whidl'alreadk exist or have existed in the past,
1 and which might-serve as precedents or 'examples appropriate to one of the three

phases in the evolution of space syssremst The Panel recognizes that few.institu-
tional mechanisms fit the different phases exactly, and that the perception of
thephase in which agixen system falls may change with time and viewer (for,
'example, as cited earlier, a system which is viewed as experimental by the
'developer may be perceived as operational by h user):

,

SOME PAST EXAMPLES OF INSTITUTIONAL ARRANGEMENTS
FOR SPACE SYSTEMS USES OR APPLICATIONS

In consideringconsidering institutional arrangements, it-is appropriate to examine

RESEARCH AND.DEVtLOPMENT PHASE
.k

. t

The-Interagency Coordination Cohmittde for the Earth Resources Survey
Program (ICCERSP), Chartered by the Office of Management and Budget in 1972,
oponstitutes a formalized mechanisM fdr.interagency coordihation of the.earth
.resources survey program -- a prograM which is now in the research and develop-
ment'stage. An Earth Resources Survey Program Review Committee (ERSPRC),,
established in 1968, was a forerunner of ICCERSP but had fewer .members and
slightly different objective's. The ICCERSP charter remains In effect until..
early 1975. The Committee is chaired by the Deputy Administrator of NASA, and
includes'members from NASA, USDA, U.S. Department of Commerce (DOC), DOD, USDI,
U.S. Department of State (USDS),, U.S. Artior.,Coris of Engineers (USACE), the
Environmental Protection Aunty (EPA), and, until its dissolution ii 1973, the
Office of SCience and Technology (OST). Official observers are appointed from 1the Council on Environmental thetNational Security Council-, OMB and
the National'Aeronautics and Space Council-(until it was disbanded). The
charter provides that each user agency sfii.11 be respOnsible for developing appli-
cations and test programs for evaluating 4nd justifying the usefulness of earth
resources survey activities to the community it serves. Each agency also is
'responsible (working with NASA as the lead development agency) for appropriate
data dissemination to the citizens-of the United States and abroad. User agencies
are defined as those which may potEntially use earth observations data or infor-
nation, either to improve internal:operations or as part of their seryiees to
the public in abcordance with their established missions. With regard to the

!Committee's influence-on funding of earth resources programs, at should be noted
that the charter provides that the Committee will coordinate the plans and pro-
grams which comprise the national progr and review and comment, on a
'timely basis, on budgets for the vario elements of the program. ..

7
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The charter also provides that federal user agencies will- continue to propose
... and justify funding for space applications that are of interest to their

constituencies. . - .

Some observations pertinent to the.effectiveness.of ICCERSP as an institu-
tional mechanism for assuring the exploration by research and development of
potential beneficial uses of space, systems include: ""s=

The charter did not originally provide fOr-icnsideration of %

an operational system; a provision was added later-tb the effect
that the costs of moving toward an operational system should be
considered within existing resources; I .

a

a

The Committee hiS no full time or independent staff; and

-while the Committee includes representatives from mar& (but
not all) federal atencies having an interest in earth resourcbs
programs, it does not include representatives from actual or
potentiarnonfederal users.

Another institutional arrangement, 'of very different, scope, is the provision
of support in the R&D phase by the development agency (NASA) to agencies with
environmental responsibilities. An example is a current series_Orinteragency
agreements between NASA and EPA. Here agreements re mad& betwcen specific NASA
program offices or research centers and EPA program offices or field research
centers related to automobile engizie emissions teChnelogy, as All as the senior
technology for detecting or measuring pollution, and, are 'supplemented by a set
of informal working relationships. Such institutional arringements,are in many
ways typical of those set up during the R&D phases of space,systelig, and tend
to be characterized as follows: (1) they are based on tIlateraragreements
between two federal agencies; (2) they sometimes include transfer 4if,funds from
one agency to another to carry out a specific experiMent (but not to shift large
elements of program cost); (3) they imply that the user ageficy is voicing the
researdh.interests and needs of its constituency (imply because nonfederal users
are represented in no other way); (4) by their nature, they require no Independent
staff; and (S) they often,are,openinded iNIthat.1):they remain in effect until the
research objective has been accomplished, termination dates may be
specified for administrative purposes, they are frequently and easily extended).

TRANSITIONAL PHASE

A basic agreement of 1964 between the U.S. Department of Commerce and to
National Aeronautics and Space Administration doncerning an operational meteoro-

logical satellite system had aSpects related to both transitional and operational
phases. The - agreement established a basis for the U.S. Weather Bureau to reim-
burse NASA for providing operational spacecraft and supportingtechnology for
the development of satNite meteorological programs. Under this arrangement,
the Television Infrared Research Observational Satellite (TIROS) series of satel-
lites-was modified to meet operational needs; the TIROS series was rater opera-
tionally designated as avironmental Survey Satellites. Certain of the
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Applications Technology Satellite (ATS) and NIMBUS series were covered under the
agr ement. The 1964 agreement was superseded by a 1973 agreement designating
NO as the fesi3onsible agency within the Department of Commerce. The transition-
al hase, as defined by the Panel, occurred while the 1964 agreement was in force.
The operational phase is now covered by the 1973 agreement. The arrangement
provides for a Metedrological Satellite'Progtram ReVieW; Board. It also provides .

that fuhds can be transferred from DOC to offset costs to NASA of support services.
It should be noted that the Panel on Meteorolbgy of the 1967-68 summer

study* recommended that NASA continue R&D to measure atmospheric temperature,
moisture, winds, 4nd cloud cover. Implementation of.the recommendation la, an
interestift.,illustration of the transitional phase in that the agreement (1) is r
related to a sing16 application area .(meteorology); (2) specifies a review board
between. the two involved agencies; (3) uses-fund transfers from the user agency
to reimburse NASA for support services,; and (4) recognizes that NASA will con-
tinue funding for R&D during the transitiow41 period.

Anp.her significaa institutionaltarrangement is represented by the
-Communi&tions Satellites Act of 1962 (P.le. 87-624) whiCh established the
CoMMunications Satellite Corporation (CkilialT,4 This at assigns to NASA the
obligation to advise the Federal CommunieatiofisCommission on,mattets relating
to thevrt-s443cal characteristics of co6unications..satellite systems and designs.
This legislated requirement-ledithe 1967-68 study piner%On Point-to-Point Commu-
nications to conclude,that "There are no alternatives to NASA's accepting .respon-
sibilities for further R&D because NASA has a statutory obligation...to provide
the technological support for the pex4,zinent policy-making agencies of the govern-t
ment...."" The need for. NASA to maintain competence in satellite communications .
was recognized by the'Office of Telecommunications Policy in January 1974, in.a
memorandum to all agencies within the Uecutive Branch, which sot forth the
arrangements under which NASA Would continue to provide technical support for
communications satellites. c ,

1.
The Communications Satellite Act of 1962, as a techanism for institutional

arrangetents, may be evaluated as followg:' (1) it is'a legislated mechani0,
carrying implications for new funding arrangements (while NASA would be Teinbursed
by COMSAT for launch and. support 'services, a funding arrangement is implied that .

is qualitatively and legally different froM usual interagency fund transfers);
(2) COMSAT decisions on program scope and priorities important to its own con- .

stituency are taken outside the federal budget process; (3)-the duration of the' .

arrangeient is not fixed; (4) representation*** from nonfederal users 1s extensive
and is controlled by user organizations; (S},the,mechanism itself does-not
establish the basis whereby the entire scope of U.S. interests, such as those
Jof ihp Department ofState areexpressed, rather, these are expressed in eparate
agreepents mith international organizations; and (6) the mechanisrhaSilli 'tations
as a policy example because of the nature *of the technology involved, the U S.-

ligional Research Council. Useful Applications of Earth rienttid Satellites:
Teport of the Panel on'MRteorology (P gel 4). National Academy of Sciences,
Washington, D.C., 1969.

**Repert of the Panel on Point-to-Point Conrraxications, (1969) p. S.
***This consideration relates' less ,to the act as an instrument for transition and

more, to the operational nature of the program conducted after passage of the act

.
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'climate in 1962 regarding iepoeful uses of space; and the clearly inter
nature of the program. .

The 1973 basic agr
DOC-NASA Satellite Prbg
,members and a co-chairm
ment provides that each
a separate lemorandtm of
joint responsibilities.,.

to.higher authorities in
nism for an operational
agency. to reimburse sup

as enabling legislation
not of fixed'duration bu

. gpERATIONAL 12HASt

. r t 4(...,
l

emeht mentioned in the previous section e ablisbed 4 .1',

,

am Board. This Bdard Is a coordinating oup with two .v -'.

from each of the-agencies, NASA and Ni . The agree=
ajorproject initiated under the agre ent shall require

--

understanding, stipulating fund tran ers and other
... 6

.Disagreements which may. arise are r olved by referral .

both agencies. This represents an nstitutional mete- ,

ystem which (1) relies on fund tr hsfers from. the' user
.

it costs; (2) is not statutorily ased (except insofar .

emits 'agencies to enter into suchagrtements); (3) is .

subject to termination or modification by eiher agency _
a any time; (4) specifis no direct involvement of nonfedetal users; (5) implies
that the needs of the usdrr commgnity are expressed by NOAA as the prime user;
and (6) extends beyond the narrow stOpe (Tetebrplogy) of the previous agreement
to include environmental satellites. This fast point is of interest ipedauSe,
while the agreement is c4tegorized here as relating to the operational phase,
perhaps only activities relating to meteorology (and relating directly to 64'
superseded 1964 agreemen ) are. actually Operational. Activities relating to
other areas are more pro erly classed4as in the transitional or R&D phase,.

.
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-A PRoPOSEDINSTITUTiONALFRAMEVARK.
FOR 8PACESYSTEM5 USES OR APPLICATIONS

S.

TECEDdCAL SUPPORT SERVICES
. ,

In examining-how technical support serly.ces t best be,provided to the
user community, the.Panel tOnsideved four key factors:.

The technical expertise required,

The'high capikal investment involved:, .-

t ... ., ,

,,,,. . .

FThe possible cost savings, and
. ,

-
1. . .

.

The need to maintain a'core capability; as required, to support
,

all users.

,':

$

The factors involving technical expertise and high capital oits are self--
- explanatory. The third factor -- possible cost savings -- while it, re tes to
the other factors as well, in this case is intended to identify the s vings
achieved by pioviding acommon-use capability, human or physical, whi .would'be
under - utilized and would cost more.if developed by each user to satisf his own
requirements. The fourth factor is perhaps the most important of all. fi.is the
belief of the Panel on Institutional Arrangements that access to space s`Uld be
available to all users having the ability to pay. Thislis not intended to imply,
the exclusion of others; some potential users may possess neither the to meal
ability nor the desire to develop their own operations capibility. In many c es,,
too, the need for a space-based operation may be a singular or infrequent req re-
ment and thus not justi the'development of an integral.capability. The Panel
believes that a core ability should be maintained to provide potential gsers
with anlOpportunity to purchase support services as required.

The Panel recognizes that the Department of Defense must have its own'space-
related facilities and technical capability for reasons of national defense.;. The
existence of these facilities, capabilities, and resulting space data is sometimes,
used as an ariUment against the development of parallel'systems for non - military

la use. Unfortunately, security considerationt or pre-empting military requirements
prevent the facilities,,capabilities, and data from.being available to meet civil

x. needs. Joint use of facilities, capabilities, and data should certainly be

11
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encouOged inL
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/areas in'whichInailonal security is not'viglated, but smile duplica

, .
.

tion A unquestionably necessary to meet all of the nation's needs.
., ,

After considering the four factors, the Panel has identified areas inwhich
tecfintcal support services, to meet civil needs can best be movIded by a single
ivil, organization. 'Ths Panel' concludes that NASA is the logical and appropriate

prganization to proVide these services and believes that NASA Can do this in q
t . .

,
.). Jnanner consistent withite-present operating mode. .

Launch OperatiOns

"k4

The launch operatiohlis a unique function, technically demanding and in pr

'V ing'complexinteractions between such elements as a standatdized launch vehi0.
:rt checkout and Ituith facilities, range and tracking networks, and rajtge safety.

1. The. Management of these interrelated activities demanis the services of a s.'in e
! laOnehing Organization. The present mode of operation, lt which individual 11 rd-

ware elements are checked out by theuser organization and then turned ove
b the launching,organization'for final processing and launch is well develo and

appears tdequate for Continuinguse. In all lannches of U.SA spacecraft t ate,
the service-has been provided by either NASA:or DOD. The,Panel feels she ision
of this respolpibilimy between these two agencies is appr'priate and shou be
continued in the future. --

Spacecraft Development
,

Operations in space involve long duration exposur
gravity and total vacuum. The systems musidependupo
power and must have a highly reliable capability for s
trill, data acquisition' and handling, communications,

and development of these systems is very sptcialized
Negotiating contracts, defining systems, developing
technical compliance, and identifying and resolving
and management spe,ialties which even the most soph'
NASA and DOD should not be required to develop inde
expected to develop easily: For these reasons the
defense services in these area should be made ava
requiring them or that NASA should at least, be pr
advisory support..-

As -part of its role in support of spacecraf
alternative packaging and mission planning datal
to the user. NASA, working simultaneously with:
technology organizations, and from organization
should develop integrated (that is, coMbining,n
paCkages and mission time lines (schedules of
which'their occurrence is planned). More soph
already developed space systems should be allowed to purchase
services than less sophisticated users and those who are stil
ing their hardware.

Provisions should also be made toaccount for the vary
federal, other public, *Ind private sectors.
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Payload

NASA should work on a cost reimbUrsable basis withvarcous users in the --

definition and develqpment of payload packages. Ihissupport service should be
proyidedin a,manntr similar to that-outlined for spacecraft development.

7
clund Facilities

'
4

.
e

. it- Certain large and unique ground facilities are required jn.the launch and
. ,

.
oieration of spacecraft. 'These facilities inclule.the launth complex, ,the traci-.0 . ;

papa data-acquisitioh network, and the Mission oRprations complex. In view oL,
e unique and sophisticated nature of these facilities and their use, the Panel

erieves that it'id appropriate for NASA to.rovide and Aerate the.facifities;
dditionally, certain other development facilities which are Unique and non-
mpetitive, such,as thermal vacuum chambers, structural and vibration. test (1

.

tlfacilities and appropriate simulators, should'bp recognizedas national facilitie§,
Pend managed by NASA employing institutional arrangement's similar to those. now .

tinvolved with wind tunnels.
,

,"
.

.1 ",
. . . , (l .-

Spacecraft Command and Cont 1
- ...

..'
,,

-, .

Whereas the need for unifiedtechnical suppOrt services is clear, the areas.
of responsibility in spacecraft,command and control are not 6o clearly defined..
,On one hand, the high capital investment and the specialized technical capabilil
ties involved support the need fot common facilities for spacecraft command and
00peration. This \clew is supported by the fact that Many users may reqUire-datal.
from a single spacecraft and that'probleis refated to interaction and different*
requirements '(in sensors, for example) maybe difficult to resolve.. On the other
hand, in the future many user agencies will be involved' in this activity ire al

.

major way and On a continuing basis (fox exampl NOAA in the operation of weather ,

satellites) so that some user agencies prOb shbuld develop `hear own capability.
A concept of user co and and.cbntrol is step rted by the fact'thatdetailed

.
-

knOWledge of the to cal a'spe4ts"Of Ole missidn is required br-order to_operate,
4: and control the spacecraft. listialff,.th(sex i5'most involved in.and,kn6wledge-: 2.

able of this part of the ,mission. Ili,appe4s,.then, thatthisgue ot-sitaiti:;citft. :

comman4 and control should be decided 94 a-Cdge.by.,=case ilislkifter co 44011t42 _,

is given to the points raised here as well a§ to_ other issues 4hiCh_mayitfeck4 '
_.:..-

--particular decision.
.

, z
. .

k 410

Data Processing
.

. .

The case of data,handling is similar to the question of 'spacecraft command
and control in that it does not appehr to be alunctiOn which clearly should be
performed .by NASA or clearly should aiwap be left to usefg. In favol- of ceptraliza7,
tion are the high costs of data acq 'sition, Calibration, co version to engineer-
ing units, storage, and analysis. or users with low volum requireMents which
are not time-critiaal, a Centralized organization appears most logical. In the,
experimental gase, data,processing should,be a service available from NASA to'"

.
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all potential users' in order to assure. open-access to, space genefated data, A ,

$.mechailism to itplement such a policyin one specific area is di4Cutsed later.
4* _ However, users may find it advantageous to developtheir own capabilitis when

cthey hivie a continuing need for large amounts of data or require detailed knowl-
i edge of'the end use of the data in or er to properly analyze it, Other &actors\

that May.,lead individual Usep t8 este. lishing their own capabilities for data.,
handling'ticlude (1) heed for direct ac ess"*to raw data, (2), proprietary or.sensi-
tive teatffes of the data, (3) 'time'sensitiviiy'and urgency, and (4) possible use
of the data in some control or monitori'ng.sense Which could have legal,%control,
ox' sensitive international implications.

S....
14 .4

A ....
..

-t

Recommendation ' .. - ) `r
c e.

* ' , ,
,

. . . 0

,

.

. It is reCorronended that, aith the exceptions .or qualifications noted
.. , !"--Th -.

iti iin fhe foregoing 4,sc'ez.;.sion, NASA provide the. ,technical support services . ..

1 ',I,dentified; - '1 .
r

. ,
. .

.-.. * P
.

$ O.'
...

. , .. I.
P. .

* ' : !VOA:-MAN4GEMENT
...

., . . .

..

:

..-Eartikt observations by satellite-bofne sensors generate/la/0 quantiti Vs of .*
data,_ and thus pose ique,proble of institutional arrangements. The.datae
serve many users, with differing requirements for data acquisition, data proses- .

sing, disse ation, data formats, and timeliJiess. The Panel believes that,
. decentralized stems for data processing, matthing user capabilities and, needs,"

;should and are certain to evolve as space systems for earth resource surveys,
attairth ie,4eiationaphase. ,Decentralized data systeths will permit meeting the

,

unique needs of many users, and may piovide better data processing capabilities
at lower .c6it.

I I
The Panel emphasizes that*-eVery effgpt must be mate tck assure that users of

.. tin:, ,.

. , ,

-

. !, space data in specific'disciplines are not fo tightly.tied to.partictllar data.
sources that they Ore precluded froni using the data.acquired fram space systems F".

iii diverse ways not anticipates- b the partifcaler data dissemination source. For
example, only recently has it become widely appreciated that the data generated
by meteorological satellites could have a strong impact on agricult4re. The Panel
notes particularly the,coomntstofthe 1974 Study of theopPanel on Weather and

. . . . 41 .-.
-.4 glimarte*"in relation to this point. . *

:. - ,

..t'.._,' - -' 4,--.
- 4.

Uniqub Needs'.
.

,
. ../ o .0

44,

The Panel believes that expefimental use of data provided by. ERTSal has, s

demonstrated the 'broad applieability,and many benefits of remotely sensed data. .

Averall benefit is rikely, to become optimized when many specialist userss apply
to their probleMs space-derived data combined with data from other sources.,
The analysis and application methods which each user)employs Will probably be

it , , 1
..f?.

,

-
,

k_ .

.*Panel AI Weather and ClimatePractical Applications of Space Systems, Sup-
parting Paper 1: Report of the Panel on Weather and Climate. Report. to the

Space Applications Board; National 4esearch Council National Academy, of
Sciencet,Washington, P.C., 1975. $

,
.
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unique to'his area of resource management, often regional and peculiar to specific
-. organizational needs. Broad 'applicability and specialized metliodsrpf application

are placing manydemandS upon the current system for disseminating LANDSAT data.
4 In the future, a single centralized data facility Csuch as the USDI Earth Resources

Observation System Data Center) probably will be unable to meet processing needs
efficiently and within the time frame many users.require,

.

. ..,...e

lata.Processing Capability
a.

Data processing. technology.has been in a period of exp]osive growth, marked
by increasing capability and decreasing cost. Increasing capability is needed
to handle projected data acquisition Yates, to perform corrective preprocessing
functions, and to provide output.of a variety of standard products for analysis
by individual ..ulers. Decreasing cost will enable users to perform more computer
analysis and to enter the data flow at a point where value received exceeds
investment cost. Ground stations in foreign countries are prototypei-of.special-
ized (agency, regional, or special-interest) data centers which will come into
being-after data continuity is assured. Decreasing costs and unique processing
needs combine to encourage decentralized and specialized data centers.

Data Flow

The current policy on data dissemination provides. open access to all earth
resources data by marketing them through federal centers, principally the USDI
facility at Sioux Falls, South Dakota. Figure I is a simplified flow chart for
current LANDSAT date. Demonstrated benefits, unique user needs, competitive
advantages to'nations or commercial firms, and 'steadily decreasing costs.of data
processing will result,ih More users of earth resources dati. Some of these
users will'be prepared to make the investment necessary to acquire data directly
from the spacecraft. Some nations have already done so.

In the R&D phase of earth obseryations, data collection and dissemination
were centralized, users were few (and they were principally scientific-users),
and benefits were being developed and demonstrated. In tilt transitional,phase;
decentralization becoMes necessary andhas already begun. Foreign data centers
are receiving and processing data and government agencies and commercial firths,
in this country are increasing their procegsing and analyisCapabilities.
Acquisition of data directly from the satellite by some users is likely to occur
eventually. Continuing restrictions on acquisition of data or encoding of data..
would add complexity to the system and be of uncertain. effectiveness., Open and'
equal opportunity for access to data should foster program growth and extend
benefits,

.

Data systems and operating precedents for the ,processing and disseminatioh --

of meteorological data are ,well established and effectiver\Continued adva4ces
in meteorology and earth resources and related satellite teahnologies should
bring increasing opportunitlaS for data exchange. Agriculture and water
resources management are expEcted to benefit substantially from advances in
weather forecasting, especially from precipitation fOrecasting and monitoring.

4.
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Meteorolpgy will benefit from the use in earth resources programs of sensors of
higher resolution.

.
Recommehdations

. . .

.t i
The Panel on Institutional Arrangements offers the following recommendations

in the area ofdata management: dr
...

(1) That the present policy of equal.and open access should be con-
tinued, and should be extended, to permit access at any level in
the multi-tiered data flow system.

(2) The price of data obtained by users 'from federally-operated data
centers should cover the cost of processing in the research-and
development phase and a share of.the capita/ investment in the
operational phasat

price
or quick-response processing should

be provided at a'PYrice commensurate with added casts.

thisshould reflect the broad issues discussed Later in this report.

(3) A ;raster archival system, operated by'the U.S. Government, should
provide a repository for all earth resources data cpltected by
satellites and federally- operated airbraft. This master archival,
system should provide standardized formats for data processing
and retrieval.

. .

(4) The Space Applications Board of the National Research Council
should explore meens for promoting beneficial and timely inter-
change of technologies and data between earth resources programs
and meteorology.

1

RESEARCH AND DEVELOPMENT RESPONSIBILITIES-

The National Aeronautics and Space Act clearly assiggs to NASA responsibil-
ity for research and development of space systems hardware. It is generally
agreed that this charge applies to work done during the R&D phase of space systems
evolution as that phase has been defined. earlier. However, major issues have
arisen within the Executive Branch about Vether federal support of.R&D to improva
Capabilities and applications needs to'continue during the transitional, and operaz.
tional phases.and after significant operational uses are being Made of existing
space 'systebi.

' -

During the transitional phase, 'a well defined market is not available even
though technology applicable to various uses has already been demonstrated. In
such a situation it is obvious that only limited, if any, incentive exists for
private investment. Even when a space-system is operational, incentives for
further R&D investment by non-fegerar governmental or by private users may not
exist. .

Various. factors may contribute to the lack of investment in followupR&D.
Pirst, the benefits of space system applications are spread_ among many users. .

117
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In such a circumstance, while the total benefit may be large, the direct individ-
ual benefit is too small to make it worthwhile for any one user to undertake'a
significant R&D investment. Aggregation of user investments would probably be
needed for bfoadly based gollow-up R&D. Anti - trust. laws andVarious federal
policies, however, may inhibit such cooperative efforts. In addition, as
described earlier, aggregation of a divepe user constituency is difficult. Also,

an organization, whether it .be private or governmental, operating an existing
, .

system and applying its results will generally continue to'rely on that system,
in order to .amortize fully an investment already made instead of undertaking .

operations with an improved system. Further, the tendency is to continue use, of
a present system unlesi the new system offers substantial opportunities for
increased market and reasonably early return on investment. Improvements that
are justified by public needs and that are directed principairly to tip public
good, on the other hand, are not normally initiated with private .funds. This
lack of incentive for'advanced R&D is. particularly evident in fields where com-

--petitive arrangements have not yet evolved and also where parNt opportunities
. .and advantages are still small or uncertain..

,It is not clear at this time how many satellites will be needed in the
.

operational r ase to meet continuing requirements for: the wide variety of earth
resources a

e
applications whichrmust be expected. Private manufacturers will have

little or no incentive to fund R&D unless they can see that large numbers'of .

systems will be needed aAd that they will have a reasonable chance of 'acquiring
enough of a market,share to 'recoup RFD costs. It does not now seem likely that
they will do so even in the operational phases of space systems since their
market share will'probably continue low and sporadically fluctuating. It appears,
furthermore, that an incentive for the private community to invest in RED will
not exist in the transitional phase since, by definition, a market is not yet
available and encouragement of user interest, involvement and organizatO is
implied. .. 4, .

, nt
.. Ai,

The Panel therefore concludes that some mechanism must be defined to assure
continuing improvement in 'space systems at least ,during the transitional phase
since analysis indiCates that potential benefits to usert may ultimately be
derived from such improvements. The Panel belieles there is logic in continuing
to rely on NASA to organize and manage this followup R&D. It remains? however,"
to determine how such activity Should be funded and how to assure user involve-
ment in program definition. ,

... .

NASA obviously has a.responsibility, in accordance with the Space Act, to
define and budget for its own R&D needs. The Panel believes that during the
'transitional phase, while institutional arrangements are being worked out, users
should play an increasingly.strong role in the definition of R&D programs plan-
ned and conducted by NASA. During this phase NASA should continue to budget for
the R&D. (The Panel will propose rater in this report an institutional mechanism
which it believes can help to assure user. participation in defining R&D piograms.)

During the operational phase of space systems, a different approach 'seems
appropriate, even though a lack of incentive for private investment may also be
evident in certain cases. In the operational phase, systems are developed and
a 'user community exists. Satellites owned and opdrated by government agencies
or by private organizatioris are in.place. At this stage, certain improvements,% t
specifically aimed at public benefitg, maybe needed. iihen.these improvements
are clearly within the responsibility of existing federal agencies, it maybe

1 18.
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expected that these provide the funds for the needed R&D. When
the R&D requirements are not w thin the' jurisdiction of any single agency, how-,

...ever, they musttbe identified 1* some mechanism (such as that proposed later in
this report). In these cases it-appears appropriate for NASA to respond to
identified needs by including w within its budget. The same is true. of broad,
national needs. When the private sector is involved in an operational system
or a user has identified R&D needs fol. such a system, the following alternative
arrangements are possible:

1. The private Organization itself can conduct the work or it may
reimburse NASA if NASA does tie work. .

2. When the magnitude of the risk precludes direct private investment 4
ill R&D but the federal government agrees that potential benefits
are of significant value, the government may undertake the R&D on
a payback, royalty, or user-chargé basis, designed eventually to
recover the cost.

'3. ' The work may be done\ath joint private and federal funding within
a system in which users pay back the investors.

The federal government will have royalty-free rights to the systems derived
from the. federal R&D program.

These arrangements are outlined assossibilities for assuring that this
still-new field of space technology continues to develop and does not become
stagnant after first °applications. Our foresight is not considered adequate to
anticipate future benefits,amarket situations, etc., that may develop. Great
.care is needed to assure that lack of priVate investment in.R&D does not halt
'the continuing improvement of systems while they are being usefully ,applied.
Also, as further uses are defined and as replacement of less efficient techniques
appears possible, development of heeded improveinents must be assured. In addi-
tion, the Panel believes that there will be a continuing need for scientific
research which should continue to be supported by NASA through its established
Principal Investigatoi sistemto evaluate the feasibility of significant
advances.

SQME ALTERNATIVE INSTITUTIONAL ARRANGEMENTS
FOR FEDERAL ADMINISTRATION

Several major institutional options for determining and coordinating.
federal policy with respect to practical use of space systems have been consid-
ered and are d4ussed.here. The Panel recognizes that many variations of each
option are ,possible, including' .combinations of two or more of. the arrangements
discussed. However, the optic are presented here as alternatives.

It is assumed that satel ite applications will be perceived as increasingly
valuable; otherwise, mo of the need for news organizational structure dis-

.
appears. Nevertheless, the current div ity of formal and ad hoc interagency
arrangements for matching user needs' with "supplier capability underlines the

importance of formalizing an operating framework that anticipates a growing need _

vo
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for consistency inNinter4e-ncy policy. *It is further assumed that organization-
al arrangements will need to adapt to the evolution of programs'from the R&D
phase through a transitional stage to the operational mode. Finally, it is
assumed that RASA will retain the source of launching and relgted services,
regardless of arrangements for user participation or funding.

Principal Functions

The Panel believes that,a central federal administration is required to
perform the- following principal functions:

AP.

Providing general policy direction: Some focal point is required
where general questions,of grogram initiation, emphasis, growth,
effectiveness, and duration ban be debated and decided, subject to
review by the President of the United States.

Setting priorities: Where there app competitive demands for
limited,facilities, products, or pace missions (and all proposals
fall within establilheS guidelines) some authority must determine
under what conditions and in what colder competitor's are entitled
to use.available resources.

. 4

Maintaining open access to data: The size and Structure of the
market the output from space systems will be largely deter-
mined by the ease of access.to data and by the extent of govern-
mental commitment either to process the data as required by
various users or to.furnish technical assistance (and perhaps
financial aid) to train users to do their on brocessing.

Assuring coAtinuity and standardization: If it is to attract
potential. users, any system must provide a structured process .

for changes,' improvements or termination, and, even in the R&D
stage, must include some-assurance of co4inuity and use of
accepted units or,clatafbrmats.

N

' Establishing prices: A central mechanism must determine how
prices and user charges wig 1 be established for data or informa-
tion products, use of facilities and other services. It must be
recognized that the mechanism established for pricing will probably
play a significant role. in whatever international structure evolves
for the application of space systems. '

Assuring formal contact between users ad suppliers: In addition
to the inevitable and largely desirable plethora of informal points
of contact between-suppliers and users of space technology, there
must be some forpal structure for exchange of ideas, proposals,
criticisms, and evaluation. It is particularly important to
guarantee regular and .effective access fbr important users within
nonfederalogovernmental agencies, for example, within states,
metropolitan areas, counties, and cities.

'.20
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dinating"and evaluating program development and implementa-
There must be a central point where program implementation

is carefully considered and where integration is assured in the
likely event that more than one agency is involved in implemen-tation.

Encouraging non-federal involvement am investment!. There must bea steady increase, particularly in the transitional stages, in the
amount of non-federal capital applied to programs aimed at market-
able products and services. The maximization of this, as well as

imaginative institutional innovation to provide for joint publicand private ventures, should be entrusted to a central body capable
of involving operating agencies as required.

ThePanel examined in some depth the advantages and disadvantages of threeoptions for an institutional
arrangement designed to perform the functions justdiscussed.

. 4
Option I - Central Authority in An Existing Federal Agency

Option I consists of placing in one of the existing Executive 'Departmentsor agencies having a major interest in useful applications of space systems, theprimary responsibility for performance of the required functions and the deci-sion authority, subject to appeal to or review by the President when disagree-ments arise or allocative decisions are required. This designation would not
rearrange present assignments of operating tesponsibilities or location'of sub-stantive expertise. It would simply establish a leadership role (a lead agency)
with final authority and responsibility much as the State Department operates inthe field of foreign affairs. This Option would require formal arrangements for/other agencies and "non- federal users to be consulted prior to decisions and-pro-visions foi the lead agency to be informed about action on its decisions and
the results thereof.

Advantages resulting from the choice of Option I include:

1.. A-focal point, now missing, would be- provided for the establishtntof policy related to practical use/of space systems. CleV lines ofauthority
and responsibility would be estab1ished4 little start-up time and expense wouldbe required, and ultimate decision authority would be vested in one person --the head of the agency.-- subject only to appeal to the President.

2. If NASA were the designated agency, a close relationship would be ,assured between policy decisions on uses and the realities of operational andMil technological capabilities. Somewhat more expeditious progress from proposal to
policy decision to execution might be achieved because a single agency would
control the entire process. NASA itself not being a user; its substantive
neutrality might lessen/ears that some specialized discipline might get unfair
advantage in the competition for funds. Also, there would seem to be some pos-
sibility of greater financial support, at least for R&D projects, since the
lead agency would be expected to seek appropriation of a larger share of funds

21
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than the other participating agencies and NASA has, at least to this point, a

history of relative success in getting financial support.

3. If NASA were not the lead agency, a closer and more mutually informed

relationship might develop with at least some major users. The lead agency

would presumably have facilities for and experience. in delivering services direct-

ly to the public. There should be less danger that the program would be driven

by technological capabilities and aspirations rather than by realistic prospects

of uses with reasonable cost benefit potential. The odds would improve that the

leadagency would invest in systematic.training of present and potential users

and thereby inciease the market for data products, at least in the agency's own

field.

4. -There would be great bureaucratic strength in having the point of ),

coordination .in an established and functioning agency with line responsibilities,

budget leverage, congressional and public constituencies and direct communica-

tion with the White House.

On the dther hand, disadvantages of Option I include the following:

1. Jealousies and discontents in the agenciet not chosen as lead agency

and their constituencies might make Option I unworkable in practice. Refusal

of agencies (and their congressional constituencies) to accept subordinate status

could lead to pressure fOr splintering of functions and systems and for multiple

exemptions from the writ of central authority? -

.

2. There could be widespread worry that programs would be biased in favor

of the substantive specialty of the chosen agency. The effects could be unfortu-

nate if the agency actually indulged such biases or unduly penalized its own users-

in order to appear to remain neutral.

3. If NASA were the lead agency, there could be a continuation and pertiaps

even a worsening of the gulf that now separates present and potential users fi.om

decision and management processes except within small and informal networks of

individuals whoi NASA,now consults. There blight be very strong pressures to

emphasize programs that pursue theoretically defined technology capabilities.

Also, any other agency would be a professionally familiar and acceptable judge

of the merits of proposals in at least one spe ized user field. NASA has

recognized expertise only in aeronautia.al,and space technology and related

ground support systems, in space sciences and in management of large or complex

projects., Finally, NASA would be taken out the'service role it has tradi-

tionally considered most conducive for effective development and operation of

technoldgy.

4. If NASA were not the lead agency, there would be a greater possibility

of-impasse between users and suppliers. Also, because substantially less exper-

tise in space technology exists in agencies other than NASA, large- scale tech-

nical training of the agency's personnel would he required or the agency would

need to hire a substantial 'number of new people.

22
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S. There are dangers inherent in Tying on the budget and appropriation

process of any one agency as the principa support for space application pro-
grams. The size and nature of the effort could be greatly$ affected by a few
individuals (for example, the chairman of a congressional appropriations commit-
tee, an OMB unit chief) whose attitudes toward the lead agency might be deter-
mined by factors other than the effectiveness of the programs but who could be
extremely influential in deciding the nature and scale of approved investments.

Option II - Central Authoriti, in'New Federal Agency

Option II assumes the creation of a new agency whose sole purpose is to
perform functions discussed at the beginning of this section. Operational.
responsibilities of other agencies would remain undisturbed. An analogous
example May be the original form of the Office of Economic Opportunity (OEO)
(excluding its operating functions) or the role of the U.N. Development Program A'
visa -vis the U.N.special agencies. In both these cases, the principal leverage
of the coordinating agency has been that the bulk of the funds involved ,flowed
through it. This would have-to'be the case for Option II as well. To be effec-
tive the new agency might have to be placed'in the Executive Office of the
President-.

Advantages of choosing Option II include the following:

1. A new agency would carry no historical baggage of substantive bias
nor any scars from past bureaucratic controversies. It could be the o point
for developing anew multidisciplinary constituency for practical applicatl
of space systems as the trend continues toward overlapping needs and uses.

2. Interagency jealousies should be minimized as should dangers of sub-
stantive bias. Existing agencies might find a new agency easier to accept than
a lead agency selected from among them. The objectivity of a new agency should
be more credible .to the President, the Congress, and the public than that of arr
existing agency. 't

3. A new agency would leave NASA with the responsibi 'ties for service
and technological development that ithas always preferred

Option II appears to have the following disadvantages:

1. 'Current budgetary considerations and the attitude of the general public
toward priority for space programs make Presidential and/or Congressional
approval of a new agency very dubious. Additional costs would be unavoidable
and highly visible as new appropriations were requested and debated. Start-up
time would be considerable..

2. A new agency would probably be in a weak position in dealing frith the
well-established Executive Department and agencies, including NASA. The OEO
example is not an encouraging one, even though the agency leverage has included
allocationof billions of dollars. .

23
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3. A new agency would create unpredictable new patterns of user aggrega-
tion, Congressional responsibility, and constituency formation, a new environ7
tent which could as easily be unfavorable to progress in practical use of space
systems as it could be .favorable. It would also add to the image of complex
and genttally impenetrable federal agencies which already discourages many
present and potential users.

,

4. A new agency might be strongly attacked, as central allocative agen-
cies frequently are, by specialized Constituencies. In such a case, as' a new
agency, it would be at a disadvavlage in having no tradition of established acid
indispensiblt functions.

,k
Option' III Central Authority in Statutory.Interagency Committee

THe most logical implementation of Option III would be.to build on the
present Committee (ICCERSP) which at present deals only with earth resources
survey programs. ICCERSP was established pursuant to an OMB directive which
gave it official life through the beginning of calendar year 1975. Chaired by 4'

the NASA Deputy Administrator, who is charged with acting as andmpartial modera-
tor and not as a representative of NASA, the Committee consists of assistant
secretary or comparable level representatives from major user agencies. Its

principal charge has been to draw up a comprehensive plan for federal investments
to be used in observations of earth resources. Issues of general policy raised
by one or more members are discussed and the Committee perfori9 limited analises.
It has no veto nor other formal power nor is there any mandate that issues be
brought before it. Nevertheless, there is evidence that its deliberations carry
some weight in NASA and other participating agencies, despite the fact that OMB
has twice rejected draft plans it has proposed.

Advantages offered by Option III include the following:.

.1. An interagency committee with broad representation should minimize
agency feelings,of exclusion,and professional subordination;

2. The arrangement should require only minor new expense and start-up
time Compared with.the legislation which would be required for other options,
an authorization for such a committee would probably be the most likely to be
adopted by the Congress at this time.

3. An interagency Committee would help to keep all participants aware .

of priorities and problems in different fields and might reduce tendencies to
paroEhialism.

4., No major adjustments would be required in the existing structures of

agency and Congresl-tonal constituencies, in appropriation structures, or in
operating resOonsitilities.

S. It would provide a forum for debate and,a clear point of decision on
all issues raised.
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The following disadvantages may result from Option III:

1. Interagency committee's are notoriously weak structures for decision
making. They tend to be useful forums but not effective in decision making
because they are,rigidly structured and rather indefinitely linked to operational
control. They can often be ignored.with impunity by strong agencies, even when
their reptreentat.ives serve on'tuch committees.

2. Action within a committee format might be slower on the average than
with other options. There might also be a danger of "lowest-common-deno 'nator"
policy formulation which could compromise program substance.

3. The position of the chairman might become delicate and difficult as
data become more valuable and competition more intense. The chairman,prohably
could not function unless he had the personal and visible confidence of the
President. Most successful examples of interagency committees with decision
making powers have been. chaired by cabinet officers_pr members of the
Presidentai staff. In this arrangement the Committee often is dominated by the,
chairing agency. However, the National Aeronautics and Space Council was an
example.in which the chairman was not a line operating official and a lack of ,

impact was apparent.

4. The Committee might be less effective than other suggested structures
in'bridging the gap between users and suppliers. Federal agencies would pos-
sibly screen the needs and suggestions of users and might receive little
challenge from other agencies who might wish reciprocal treatment when their
own interests were at stake.

Some Options Not Analyzed rt

Several arrangements are regarded as possibilities too remote for setious
consideration within the time available at the study. Among these are the
following:

1. A multi-tiered governmental. entity (E027 ekample. a federalstatg-
metropolitan-local governmental construct) Kith some form of proportionate
representation from all levels.

2. An independent public-benefit corporation, including represe4tation
from several levels of government and from the private sector. (It sh6uld be .

noted that such a corporation was considered by the Panel on Agriculture,,
Forest,, and Range* and is discussed in the report of that Panel.)

3. An organization which includes representatives of foreign governments
and/or corporations.

*Panel on Agriculture, Forest, and Range. Practical Applications of Space Systems,
Supporting Paper 4: Report of the Panel on Agridulture, Forest and)ange.. Report
to the Spate Applications Board, National Research Council. Nation.1 Academy of
Sciences, Washington, D.C., 1975.
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4. Allocation of central functions to OMB, th National Science
Foundation, a re-established independent Office of S ience Advisor to the
President, or some other element of the Executive 0 fice. ~2-

S. Division of central functions among seve al existing operating agencies.

A.Proposal for an Institutional *Mechanism

Extended discussion of the options has led t
Arrangements to two conclusions concerning the p
and coordinating federal policy and implementing
applications of space technology: '

1. No practicable option is free of defe

2. The urgent need for effective perfo
.functions is best met, under present
of Option III, a statutory interagen

Accordingly, the'Panel
t
recommends that a

Applications be established by act of C

Implementation of the Proposed Institution

The Panel fully recognizes that much i history supports skepticism about
an interagency committee, particularly one ich must include representation
froi most of the large federal agencie1s. ere are, however, examples of such
committees,that have been reasonably effective. The Panel believes, for example,
that the history of ICCERSP provides some reason for confidence that a pattern
of cooperation among agencies interested in space applications has been estab-
lished which may carry over into a broader structure. Since ICCERSP as struc-
tured has serious inadequacies which precl de broadening its mandate by simple
executive action, the Panel believes that he National Council for Space
Applications must have statutory authoriz tion. The Panel strongly believes
that the Council cannot function within e federal bureaucracy and deal
effectively with controversial issues unl ss it has a full and specific mandate
from the Congress. It should be establis ed by statute and charged with
responsibility for the eight central functions for all practical applications
'of space systems: general policy dircctiOn, priority setting, maintinance'of
open access to data, assurance of continuity and standardization, pricing,
establishing formal contact between users and suppliers; coordination of ,

Implementation and evaluation of program development, and'encouragement of non- .

federal involvement and investment. As in all federal executive office programs,
this authority will be subject td the review and approval of the President.
We also believe effective performance of the proposed Council requires statu-
tory provisions fbr the following:

Panel on Institutional
ssible options for determining
programs to meet user needs in

is or risks)

nee of the eight central'
circumstances, by a variant
y committee.

National Council for Space
ess.\
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' 1. Expap$ioh of members-tip so that the Council includes as participating
members all federal agencies with legit5.mate and substantial interests in the

.

application of space technology. This probably shOUld include most Extvutive
. Departments, NASA, the National Science Foundation, and other indePendent

I,

agencies. A precise 14t shotild be worked out as part of the authorizing legis-
, ,\ lation. The Panel also believes. that state and local governMenZal agencies

....

should participate and that the law should direct the Councilvto.evolve effective
and equitable means of assuring their rqresentation. These agencies'should
acquire voting status as soon as possible and certainly within a very 5$/years.
The statute should specifically prescribe at, in the meantime, fate and local
observers must be invited to all Council me tings, whether open or executive

r--

sessions.

2. Designation of the chairman since, despite the reasonableness off the
case for an indeiendently appointed chp4rman-the.Panekbelieves that the rele-
vance and effectiveness of the Council will be best served by a statutory
designation of the NASA, Administrator as chairman., We believe he has a strong
position an operating official, an incentive for space application programs,
and impartiality among users. Experience has suggested that it can be feasible
to vest the authority for a government-wide leadership role in the head of an
existing operating agency provided distinction between the NO positions is
maintained. In the case of the proposed Council the distinction can be rein-
forced if the Chairman does not also serve as the NASA representative on the
Council. The role of the Chairman should be objective leadership and should
include as needed his. acting as a moderator. ,

3.' Establishment of independent, staif which should be small and profes-
sional with no bureaucratic allegiance to o dependence)ppon any me#er agency.
The staff, under Council direction, should be empowered t-o-prepare agendas,
perfoim analyse$, add coordinate the activities of operating agencies.

4. Specific responsibility for user Ovoivement, in that the Council'
should be charged with (1) building a nationwide process whereby user views are
solicited, aggregated, and taken into account, (I) determining 'the U.S. rolTin

// such a process' Worldwide, and Z3). develpping.a procedure by which, where possible,
non-federal interests gradually assume control.and funding'of space systems
and their applications as they become operationa. Delegating these responsibil-
ities to the Council does not imply that Weakening. .connections between opeiating
agencies and the user_community is necessary or desirable, The Panel belieyes
thata central body with a broad mandate and perspective can help effectively in
phases of user involvement that,now are somewhat neglected.

5. Approp riatiops administered by the Council for financing experimental
db.

rams in institutional development. Many of the end 'users of space-derived
''information,or services will be personnel in state and local governments, and

in busines$ and industry, who have little knowledge of or interest in space
systems: For the data or services to be used effectively, however, these People

must be aware.of what is available, its usefulness, and they must have the knowl-_,
edge and skills to put it to practical use. 'It is essential, cio,, that 'they be
involved in making their needs known, to help in matching requireuients with the

:
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capabilities of the space systems, Thus, in carrying out its mandate, the
Council should budget d smap allocation of funds for experimen al institutional
developm programs,-- program; aimed fat strengthening_the cap ility of non-
f dera sers to participate effectively in the useful applicat on of space
s st S: The programs should tre carried out not by the Council but by appro-

. f
i e federal agencies.

.6. Public reporting, in that the Council should be reqdired to prepare
f r the Congress an annual report summarizing major issues and decisions and
6 alining future plans and.assessing futuPe,impliCations. 'The P el feels that
a trong commitmehttp open debate and fu4 discl6suie has been ne of the _

st engths of the U.S. spad program. Interim reports could,be i quested by,the
.

Congrest at any time. :
.. )..

..

5\
,

.

. - .

7. Establishment of. spedialized subgroups which, in order to functi6n
effectively in each of the specializeedisciplines for whilth space technology
applications are useful, should includeworking-level officials from the,
agencies most concerned with each field of application.. Specific, subgroups-

,
_could be set up when involvement and development are 'fairly clear (fop example,
. in communications) and the Council should.beempowered to establish such groups
as it feels approptiate.' The Council'also should-be empoiiered and encouraged
to delegate to duly authorized subgroups.appropriate operating and decision
functions. This provilisien for a substructe$ should reduqe the multiplicity
%
,committees, panels, and task forces that have evolired in.ifie past to meet .,,th,0
institutional needs which now will be_met by the'Council.

. -

Given these statutory provisions, it is the judgment of the, panel'that a
National Council can perform the central functioRs which the Panel feels are,

.

vital to sound programs of space applications. ,The1-Council will not displace

any 'current or future operating agency nor will it_in any senseeliMinate the
'normal budget process.:'It'should have flexibility and accept readily the need
fo adjust its role according tothe requirements of R&b, transitional, and .

. operational phases. The goal should be to provide a Vital center and a basic
point' of reference for a.constantly'evolving program. With. this goal and a
strong sense of common purpose, we believe that the -federal and non-federal,
suppliers and users can join together in a responsible operational arrangement
that exercises'the care needed in developing applications of space systems and,
at the same time, realize theirfull potential.

b. INVOLVEMENT OF NON- FEDERAL, USERS .%

The Panel has recognized the evidencesof problems in the involvement df
non-federal users in applications of spice systems to ,planning? decision making,
and providing and,regulating public and private services. It has focused'on
the roles and functions of various users in the'planning, design and develop-

_ ment, test and evaluation, and implementation of suctrapplications. It 46cifi-
pally has addressed institutional arrangements, developments, and realignments
that can foster effective involvement of non-federal users in the'decision
process and make it possible for them to use such appiitatiqns more.effectively
and extensively. .
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It should be noted that the guidelines for the'1974 summer study provided
by the Space Applications Board -included the following limitations:

Major focus was to be on the applications of space systems; "spin-
offs" and utilization of technologies developed as part of the
space program were to be treated only peripherally.

The question of basic research and science activities was not a
subject of the study.

Consideration in this discussion is limited to the distinction between private
and-public non-federal uset groups. It is clear that thes9 users fall info many
.categories, suchas operating agencies, planning and support agencies, and
executive management agencies in both the public and private sectors as well as
elected policy-making officials'in the legislative and executive branches of
government and corporate policy officials in 'the private sector. It is also
'clear that each such category of users,Will relate differently to the applica-
tions process and any extrapolation and refinement of the general treatment here
should accommodate such differences.

Several additional assumptions were.made by the Panel, as follows:

An effective space applications program must.integrate the innova-
tive process throughout, from R&D planning to,widesptead use;.

The pattern of user concern and involvement follows the pattern of
investment and information requirements illustrated in the invest-
ment decision model of the Panel on Costs and Benefits*, that is,
both increase from R&D through the operational stage; and

The changing nature of federal-state-local fiscal and program
responsibilities requires changing federal-state-local relation-
ships in research and technology, more effective and pervasive
application of research and technology in domestic problem areas,
and changes in the extent and nature of technical assistanceneeded
by state and local governments.

Major User Concerns
p

The desire for (and, the nature of) involvement by non- federal users varies
within each of the three1phpes ok space systems evolvement. ,Institutional
arrangements for technical support functions are of relatively little concern
to either public or prtVAle users at any phase, if the functions are being pro-
vided. Of course, however, several policy questions such as who pays, pricing
mechanisms, and access to such services are of major.importance to both public
and private users,. Institutional arrangements for the conduct of R&D in space

*Panel on Costs and Benefits. Practical Applications of Space Systems, Supporting
Paper 11: Report of the Panel on Costs and Benefits. Report to the Space Appli-
cations Board, National Research Council. National Academy of Sciences, Washing-
ton, D.C., 1975.
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technology also are not a major concern of public and private users. Again,
however, a number of policy questions, such as the level of investment in RED,

the directions and trends of the RED, and the priorities assigned are of interest
to both public and private Users.

Policy and operational services are areas of major nonce icularly
in the transitional and operational phases, where substanti 1 invoWtment of non-
federal users is necesLary. Operational questions about data systems such as
the nature of the data, their character, precision, and density, the frequency
and area of coverage, the response rate from demand to delivery, and the ,ease
and cost of access are all important. Also of interest to the public sector user
is the degree to which accessiblity to data and services is based on cost or
ability-to-pay or is based on capability-to-use, rather than on some priority of
public benefits.

Substantial user involvement is ,required to assure that user needi govern
or, at least, are effective in defining collection, distribution, and analysis

systems so that users have the opportunity ari ,B the capability to utilize the
data. The same is true fbr communications and other space-derived services.
The nature and form of such involvement are major institutional problems.requir-
ing innovation.

Users desire' substantive roles in the making of policy decision. The
principal functi s listed in the preceding section of this report are of sub-
stantial inte non-federal users and must be responsive to their require-
ments. Some er groups have federal counterparts which represent their inter-
ests to some degree, but it is clear that user groups often do not see their
federalcounterparts as speaking adequately for their interests.

Because non - federal public agencies may not have the same capability as the
private sector to develop an integrated picture of needs and requirements nor
the well developed political mechanisms that the private sector has to represent ,

their needs and influence executive policy, the need may be more acute for dirk
_

participation by non-federal public agencies in the policy making. At the same
time, however, problems develop in providing for direct participation because
it is difficult.to determine who speaks for agencies within the states, counties,
or cities. In spite of these difficulties, institutional mechanisms must be
worked out to assure the representation of state and local users in the policy
making process.

Institutional Problems and Barriers

Many problems and barriers to the effective'application of space technology
by non - federal, users have been touched on earlitr in this report. It is useful
to discuss brieflyspecific ones that.are prominent in the literature and have
been brought out by, user panels in the present study.

Many. problems arise because of the breadth of possible applications. Infor-

matibn or services provided by space systems can be applied to a wide range of
substantive domestic p oblems as in-environmental management, earth resources
management, land use Tanning, public works, transportation, health care.-
delivery, educa , housing, etc., and hence serve a great diversitysampaulti-
plicit of users. The diersity of users who currently apply data 4..ierNiice.g..
fron many sources entails discovery of unique and localized application needs.

.
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However, economies of scale argue-for developing standardized programs to serve
multiple uses. This puts a significant requirement for adaptation on the user.

Many probleMS stem'fromithe nature of the user community within the non-
federal public sector. -Firsbi, it is fragmented both in levels of 3urisdiction
(that is, cities, counties, substate regions, and states) and within multiple
jurisdictions at the same level. Even within a single /urisdiction, many
agencies may be involved in a problem in a given area, with little or no
coordination. Moreover, there are few provisions for systematic transfer or.
dissemination of information between or within various levels of government.
Ws user fragmentation not only inhibits the development of an aggregated set
oY needs upon which to base a realistic and useful applications program, but
also creates a major marketing problem for Programs which might be responsive.'
Second,.many state and local agencies have insufficient awareness of technologi-,
cal opportunities' and inadequate capability to assess the opportunities and to
adapt them:to their own needs. Third, potential users generally lack the abil-
ity to articulate needs in language that is meaningful to developers of technol-
ogy, that' is, in terms that assist suppliers in providing solutions to user
problems. Finally, among users there is a lack'of management experience in
specifying goals and policy objectives, in planning programs and budgets to
achieve objectives, and in monitoring and assessing functions for program modifi-
cation and improvement.

.

Similatly,. problems arise on the supplier side. There is a lack of aware-.

ness.among technologists about state and local decision making proCesses and
about the institutional, financial, and political constraints within the systems.
Many programs for technology application provide incremental improvements to
ongoing functions and the supplier does not have an appreciation for. financial,

4:1.,,

1 IIpolitical; or organizational costs of char e. .

While these deficiencies have tignifi t impact on the R&D phase, they are
,particularly important in the' transitional p e. The decisio; to gb to an
operational.phase depends on demand and the ability to demonstrate an extensive
potential market. Yet; while the need may be recognized, the demand may not be
articulated. The awareness, capability, and hence demand of many potential users
lag behind available technology, and very few mechanisms exist for the aggrega-
tion Illt expression of user demands.

Recommendations

It is clear that serious institutional problems relative tp non-federal
users hinder the effectiveness of practical uses of space systems., The Panel
has recommended the creation of a National Council for Space Applications.
Certain aspects .crf that recommendation are germane to the question of non-
federal 'user involvement.

The principle of formal membership for non-federal public user agencies on
this recommended National Council addresses a major institutional concern of
such Titer5 Aamely; a substantial role in policy direction and priority setting'
at every stage of the applications program. In addition, the assignment to the
Council of responsibility for assuring formal contact between users and
suppliers, for assuring aggregation and representation of users, and for initi-
ating experiAntal'institutional develbpmentiprogrAms deals directly with the
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problem of assuring involvement of non-federal users. THe following recommenda;
tions expand upon these points., particularly, in the interim period before the
Council begfns to function:"

1. In order to capitalize on the benefits made possible by federal
investments in space technology R&D and to increase the produc-
'tivity, level, and quality of service provided by state and local
governments, inareasgd scopeand level of utilization of space.'
derived information and services by State and local' governments
should be a specific objective. Therefore, systematic development
within the non-federal public sector of a .capability to use
specific applications should be a major part of the applications
program and an explicit responsibility of the proposed National
Council for Space Applications.

2. !In furl'therdnee of the preceding recommendation; experimentation

with institutional arrangement's that, in cooperation with users,
increase the utilization.of space technology.in the non-federal '

public sector, should be an integral par4t of space applications
programs. Such an experimental program should include pilot
propcts using field testing techniques that:

a. ,Are Not regarded as precedent setting before the fact,

b.. Do not imply advocacy of a particular institutional approach,

c. ,Do not imply continuing federal support, and

d. .Provide for independent evaluation.
.

/Ns

The expected outcome of such pilot prOjects would not be standardized
institutional models but rather abetter understanding of and experience with
various-institutional arrangerpents in different geographical, political, socio-
economic, and.cultpral contexts. Experiments should-focus on stimulating the
acquisition and use of data from space systems,through specific attention to:

1. User mechariisms to define and assess user requirements.' Emphasis
should be placed on a diversity of mechanisms' and on encouraging
incorperation of techniial,talent frogs universities, nonprofit

research organizations, and the private sector to assist And to
increase user capability.

2. CApability-bvirding programs to educate user gioups on the nature
and potential uses of data and services an0 on the kinds of soft-
ware systems to utilize them, to provide,skill training,to-
encourage the development Sf user management capability, and to
provide assistance for adaptation of multiple-user packages to
.specific local needs.

3. User systems for aggregating and communicating standardized

requirements by jurisdictional levels, geographical regions, and
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functional areas of use such as earth resourt)s, epvironmental
quality, etc.

.

s

*

Planning of recommended experiments should take into consideration the results
of assessment of previous and current institutional arrangements for technology
application, other NASA efforts at fosteringlnon-federal involvement, and current
experimental efforts being conducted by the Rational Science Foundation, the
National Bureau of Standards, and the technology transfer activities of other
federal' agencies. Potential institutional arrangements fotexperimentation
should be .designed and proposed by users.

Z. The Panel has recommended that responsibility for this program be '
assigned to the proposed National Council for Space Applications.
Bowever, because the Panel considers that this recommendation is of
great importance, it believes that implementation should not wait
for the establishment of the proposed National Council. According-
ly, the Panel strongly 'recce ends that a program of experimentation

'be initiatediimmediately by NASA with the cooperation and involve-
ment' ofl,relevant federal user agencies. Detailed planning for
experimentation and other early implementation should begin as soon
as possible, preferably this year.

L
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I NTERNATI ONAL .CONS I DERAT I ONS

4

- As foreign countries continue to develop interests in space, it must be
J expected that they will have increasing impact on the U.S. space program and
upon space applications in particular. Practical applicatiorth of space systems
have demonstrated an array of benefits which most'sovereign nations will want to
provide for their citizenry. It is natural for them to want to participate for
maximum benefit-with minimum investment. The U.S. policy'of free dissemination
of technology has encouraged' foreign participation. It is reasonable to'expect
that this policy hased and will continue to lead to decreased. international
tensions and can and Will assist the U.S. in its international relations.

Early in the space age, fokeign countries provided sites fo; communications
satellite ground stations and followed with varying degrees of understanding
the accomplishments of the U.S. space pro ram. In later phases scientists of
other nations havp furnished experiments to be carried on board U.S. sat011ites.
The European community has. successfully launched scientific satellites. Ground
stations for receiving satellite weather data have proliferated until now there
are More than 1,000 stations in the world for receiving weather pictures trans-
mitted automatically by U.S. satellites. An international telecommunication
satellite consortium ( Intelsat) has "been formed and more than 89 countries are
now members. Intelsat currently has 6 satellites operating which ctin provide

4lore 1119 24,000 channels for voice communication or 72 channels for television
relay.

Today, a,European space agency is building the Spacelab and various coun-
tries are building or contractingfpr domestic communication satellites, broad-
cast satellites, and weather satellites. Navigation and control of internation-
al.aircraft via satellites will soon be initiated. Arazil, Canada and Italy have
installed ground stationsto receive earth resources data from LANDSAT, and at : -

least five other countries are planning to install such staions. These coun-
tries are aware that the LANDSAT series of spacecraft is experiment'al and that
the U.S. haS not made a commitment to provide continuity in. the flow of data.
NASA and user agencies have, hoever, been seeking approval of programs intended
to provide-continuity of data.

Increasing participation of foreign countries in space increases their
ability to exploit its potential. Recent licensing agreements have given Japan
the technological capability to develop a low-cost space transportation system.
The time when foreign countries have' he capabilities to "go it alone" is fast
approaching. Obviously, economic factors will have a major effect on the. ability
of any country to develop an independent capability.
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These factors contribute A a new series of challenges and, constraints for
the U.S. space applications program as follovis:

1. Continuity of data flow is needed. An increasing number of foreign
ground stations provides impetus for the continuation of earth resource surveys
by satellites. However, foreign investment in ground stations and data process-
ing facilities tends to constrain the ability to increase capability, or to
significantly change the characteristics of the space systems. Implied commit-
ments to foreign states are a major international consideration and must be
considered in planning of space systems, whether current or future.

2. Data security may become increasingly pertinent. Current U.S. policy
provides for open dissemination of all data acquired by NASA satellites. Dis-
semination takes place within a relifively short time after data acquisition.
Countries with ground stations have agreed to open dissemination of data for
the present. Currently,.howeveri NASA satellites are experimental satellites.
As technologies adVance, as abilities to extract key resource information from
data and as we move toward'operational systems, it must be expected .

that questions of data security-will arise. If the United States is not to be
deprived of the benefits which operational systems can bring, it should take
the lead in developing PoliCies relative to data dissemination, data processing
and information extraction.

3. The technological leadershipof the U.S. in space communications is
being challenged today. Concurrently, the fact that communication satellites
have entered into the operational phase for the conventional services provided
by commercial communications carriers has led the Exedutive Branch to a decision
to drastically curtail federal ma on communication satellites. Meanwhile,
foreign countries are increasing their investments in space communications R&D
and may leapfrog U.S. achievements." Government sponsored R&D is required to
assure U.S. leadership in the emerging field of space materials processing and
manufacturing. U.S. leadership in the area of, earth resources may be similarly
threatened unless R&D is pursued vigorously. Combined government-industry
teams in foreign countries are pursuing development of space data processing
technology.

4. Cooperative as well as competitive programs for applications of space
systems are beginning to emerge. Meteorology is an example in which close
cooperation has occurred in exploiting space technology.. International programs
such as the Global Atmospheric Research Program (GARP) are closely interrelated
with the U.S. meteorologiCal program. The Japantse are building a synchronous
orbit meteorological satellite to work in conjunction with the U.S. Synchronous
Meteorological Satellite (SMS). CoMMunicationk is an area of cooperation ready
for international competition. Earth resources and space processing are pro-
grams that are'nearing the possibility for either international cooperation or
coppetitiop. .

Foreign countries and international organizations such as the U.S. and the
World Bank have the sane problems as the U.S. in aggregating user needs, con-
solidating requirements, and establishing focal points for program participation.
The recommended National Council for Space Applications, with strong assistance

/
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from the Department of State, should establish methods for making foreign infor-
mation needs available to U.S. program planners. These needs then should be
considered in the formation of the U.S. programs.

The Panel offers the following recommendations relative to international
considerations:,

1. The proposed national Council for Space Applications should
encourage international cooperation in space applications pro-
grams.. Forums should be encouraged for discussion_of requirements
and aggregation of international user needs. Agreements reached
with foreign countries should be compatible with U.S. objectives
for space applications programs and should not impede development
-of these programs.

2. U.S. practicei in dissemination of earth resources survey data
should be subject to regular review and modification to'assure
consonance with domestic and foreign policy objectives. Space
applications technology should be considered a factor in achieving
the broad objectives of U.S. foreign policy.
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SPECIAL ISSUES WHICH RELAtt TO PRICING POLICY

tJ

The attention of the Panel has bedn drawn to a number of special issues
related to pricing policy which while they clearly impact the deliberations of
other Panels require particular consideration in the context of institutional
arrangements. These include selected examples, existing legislation, and experi-
ences and provide a background for consideration/of pricing policy.

USE OF GOVERNMENT FACILITIES

Existing legislation and implementing Executive4Orders provide tha rtain
specialized government faCIlities...(such as NASA wind tunnels) can be made availl1
able for use by public and private groups. A determination must ually be made
Vtat the 'proposed work is in the public interest, that it does not -nterfere
with the primary mission of the facility,6 that it does not unfairly ompete with
comparable priVite facilities, and-that reimbusembnt is made for incremental
costs of facility operation and technical support. An ,interesting question is
whether-experimental results so obtained must be cede public. .At least in the
case of NASA wind tunnels, companies paying for the use of the facilities have
proprietary rights to the data.

1 .

.

r

/CENSUS DATA'EXAMPLE

Data derived from a U.S. census can be released to.users in a special form,-''
vided that data are efficiently aggregated that individual rep6rting units

. can of be identified. The U4S. Census Bureau will. undertalce, on a non- .

i rference basis, specialttudies or tabulations provided that the requesf"Is
deemed to be in the p A and d on condition that the information so

4Pi
341ko

derived is made publ' lable. Reimbursement for" the incremental cost is
.required from both pub -c and private users and usually is stipulated in a -

specific contractual agreement.
.

PATENT LICENSING

Patent licensing policy for the U.S. government.as a whole is under review
-because of recent litigation. Currently, NASA patent licensing policy, ,provides
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that NASA prodUcts may be licensed either exclusively or nonexdlusively. Equal
opportunity to apply for licensing is provided, and the applicant must specify
a royalty fee (which may be zero) that he is willing to pay. This fee is sue-
ject to negotiation, Aare other terms of the license. Exclusive licensing
reqdires a determination that the propbsesi use is in the public interest and
that protection through exclusivity is needed to commercialize the technology.
NASA has made it clear that the Size of the proposed royalty fee will not be the
sole basis for awarding licenses. Monies derived from royalty payments flow to
the U.S. Treasury and are not retained by NASA.

1

SPACE PROCESSING

Cost sharing aireements,'both international and domestic, are common. An
experiment to grow crystals of relatively insoluable substances, to be conducted
as a part of the Apollo-Soyuz Test Project (ASTP), is apparently the first case
of industrial cost sharing that has occurred in the pr2gram of experiments'ori
processing of materials in space. Development costs.M4being shar:scOequally by
NASA and Rockwell International Corporation.

-

OVERALL POLICY
.

'4
4
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The Panel feels that pricing for space systems dataapd sere should
be based solely on the objective of revenue generation, but should include con-
sideration of other effects of price on demand and user involvemedt as discussed
below. There are'areas in which prices should not only offset incremental costs
but also help toiecoup the coats of R&D.,:rhere are other areas in which prices
designed to generate profits will shut off 'long term revenue flow and preyent
realization of the largest potsible benefits by,reducing incentives to users"
and limiting the number of cahsumers, who Can enter the system. The Panel rec-
ommends that pricing be decided according to policies established by the pro-
posed National.Council for Space Applications, and should take into account the
following factors:

1. The phase of system development. In general, prices should include.
more of the costs as the system proceeds from R&D t' operational
statas.

2. Public benefit to Pe derived from the prOtct or service. .
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3. Marginal value of having a large body of users assesd in terms of

a. Efficiency of large scale systems £for example, lnumber
and scale of launches, integrity of national or.:global

data systems), including economies of scale in Manufac-
ture and operation;

b. Sensitivity to price of non-federal investments in per-
fecting technology and supporting systems; and,

c. The effects of providing a large number of centers for
dissemination of space derived data, particularly in the
transitional phase between R&D and operational.

'4. Effects of alternative price levels on market structure and equity.

5. Effect on international commerce.

6. Effect on U.S. capacity to maintain sufficient technological
capability to

a. Continue the U.S. role as a leader in development of
peaceful use of space, and

b. Assure continuity of service necessary for users to
. decide that they can safely make 1png term commitments

and investments.

7. Ripple effects of prices on economics of components and supporting
systems ,which may be needed for military or other federal programs,
in other words, effects an total revenue and expenditures of the
U.S. government.

The Panel recognizes that the cost of space derived information °i services
will involve a wide range of prices, rates for one-time and continuing services,
and a variety of cost sharing arrangements. However, the Panel believes that
consideration for each situation of the factors just listed will produce a
pricing system which is sensitive to most of the elasticities 'and ancillary .

effects which should be taken into account. In no case, in the Panel's view,
should pricing policy be govuaad solely by short-term first-order effects on
the revenue of the agency involved or of the U.S. government, as a whole.
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SUMMARY AND RE4MMENDATI6NS

The capabilities of space systems constitute a totally new technological
force developed within the United States beginning in 1958. In the decade and
a half since the start of the space program, rapid progress has been made, in,
the application of space.technology.' Operdiional uses of weather and communica-
tions satellites already have. important worldwide influence. The Panel oh )
Institutional Arrangements believes that the full extent to Which this still-
new technology can serve mankind is not yet recognized. Indeed, the Panel feels
that only the surface has been scratched in appljring space systems to earthly
problems -that are recognized as currently or imminently critical. The Panel,
therefore, recommends that deliberate alb planned programs together with the
necessary institutional arrangements be established to assure the widest pos- .

sale application of what has been and is still being learned and what is and'
can be done faith technology already'auailable:

The Panel's ecommendations'are aimed primarily at providing means for
involving,pptential users (within federal, state, and local 'governmental
agendies and private sectors) in the early stages of planning and implementa-
tion of space programs, and continuing their involvement throughout three suc-
cessive ph es in the evolution of space systems, defined as follows:4 A

.
. .

1. R&D phase, characterized principally by the need to idevelop,'
test, and evaluate technological capability with some advisory

.

involvetent of potential users.

Transiiionil.phase, characterized by.a. demonstrated technolog-
ical capability but still without a fully developed and, gener-
ally, with an unproven user market. It is necessary to bring
the technologists and potential users together. Needs of poten-
tial users are tested'an&-eyaluated directly through institutional
arrangements that can be effectively used for the third phase.

3. Operational phase, characterized by available technology and
defined user market. Weather and communications are obvious
examples of areasin which space systems are operational although

-

parts of these applications are still in the transitional phase.

I
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The Panel has examined the requirements of these three phases of space
evolutionvolution to assure that its recomtended institutional arrangements are

suitable to each. The principal resulting recommendations are as follows: -1

1. -.NASA should continue-to furnish the capability for technical
support services through the operational phase,
emphasis "on launching and tracking, data acquisition, and'
general advisory space system support. IN

2. Open access to data for all users must be assured through a
federal data management system but any user who has the incen-
tive to do so should be permitted to establish his own data
gathering and processing system at his own expense. We there-
fore propose the possibility of a variety of data processing
centers, with at least one faii-safe Zink that assures to all
users an opportunity for equal access.

3. A continuing R&D process mustle assured through all phases of
space systems activities. NASA obviously has that responsibility
in the R&D phase. Lack of a well-defined market es necessary

fk
a strong and continuing federal role in eupporti (funding) R&D
during the transitional phase. -At the same time ormalized user
guidance should define R&D needs and evaluate results through L.
that phase. Thus, joint funding with non-federal users should be
encouraged. NASA should continue to-serve as' the agency respon-

sible for operation and fundipgbut should receive multi- agency
support and participation. gwring the operational phase, users
should fund R&D that is specifically intended for their'systems
while broader national ' needs, defined by users, will be satisfied
by NASA with federal funds when privqte investments are not ..

adequate. A systematic means should be devised forPuser payback.,
of federal funds' spent for R&D in this 14hase.

4. Although the Panel is concerned about the weaknesse of committees

,
. . . ,

as operating organizations, it nevertheless strongly recommends
the establishment of a National Council for SpaCe Applications.

4
Potential users of space applications exist within federal, state,
and Local governmental agencies and within the private sector and. .

their needs extend"through a wide variety of disciplines. The
.proposed Council should have top-level representation from
involved federal Jxecutive Departments and agencies and should pro-
vide for state and Local governmental representation in 'its delib-

erations. Such a Council is 'needed to assuresystematic policies
and arrarigements for coordinating user-needs with the techno;g-
ical capability' that has been and is being developed. An existing .

multiplicity of agreements and committees emphasizes the need for
.such a coordinating framework, particularly as Users and the
desirabilz of user. aggregation increase. ,The proposed Council

would eie cise the falobing functions:
1. -, .

, , .
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General policy direction

Priority setting

Maintenance of open access to data

Assurance of continuity and standardization

Coordination and evaluation of program development and
implementation

Establishment of pricing policy and pr/vision for impact
assesstent

Assurance of formal contact between users and suppliers

Encouragement of now-federal goverrvfient involvement and
investment.

The Panel belUves that the proposed Natio Council will have suffi-
cient power toyerform effectively these e"ght major f4nctions only if
the following requirements are met:

1. The Council is statutorily est Zished.

44
2. Its membership includes all federal agencies-Wit'h a dub-

,

btantial interest ih space applications 'and a system is
developed by the Council for state and local governthental
agencies subsequently tb become members.

. .t

3. The Chairman is the Administrator of NASA.

40-
4. An independent' professional staff is provided to the

Council.

5. The Council adMinisters its awn budget that should pro-
* vide for, -among other activities, experimental progiiams

conducted through appropriate operating agencies by which
institutional ar7ngements are developed by users. ,

6. The Council is responsible for assuring aggregatiqn and
and representation of users of space-systems application4.

7. The Council is required to report at teaSt annually, and
otherwise as requested; to the U.S. Congress. .

8. Substructures in disciplines 'requiring specialized appli-
cations are developed and delegated certain functional
respcmsibilities by ,the Council.
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The Panel emphasizes that Council recanmendations.will be carried out
by existing agencies and that the Council.will not replace the exist-
ing budgetary process, operalioftlfrespOnsibilities, or regulatory

g, fisnctione.

5. The Panel recommends the forrla establishment of an experimental
program for institutional development and eveuation to dcter-
miMe the most ejfectiv'emeans by whi9h non - federal, potential

users can be-organized and encouraged to make effective use of
spacejfystems.' nis program should be initiated immediately by
NASA bufghoad be-ag-pigned to 'the National Clouncil.os soon as
the'Council isoperdble.. _

f

In conc on, the Panel on Institution 1 Arrangement believes space appli-
.cations carried outlin a mature Way with real Able constraints,to assure a
soundly paced program should_provide major long ,term benefits to all. mankind.
Te"TiOlogy j5 clearly at the-poinx where expanded and extensive uses can be made
andshould be encouraged. Implementation of the recommendations of thisPanel
and of other PaRels in the 1974 study requireenl9rged legislative authprity.
We believe that policies and authorities defined in the National Aeronautics and
Space Act of 1958 should be extended to assure the maiirand to emphize the
importance of applying the space systems capdbility-.that has, been and is being

successfully'developed. 1/4
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